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Tuesday, February 18, 2014 521aagonist peptide and the costimulatory ligand CD80. Using time-lapsed TIRF
and confocal microscopy, the colocalization and internalization of TCR and
CD80 was tracked over the standard calcium response time. TCR and CD80
spatiotemporal dynamics varied between agonist surface concentrations in a
non-linear manner. Implications of these results will be discussed.
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The high affinity IgE receptor, FcεRI, serves as the primary immunoreceptor on
mast cells and basophils.
Crosslinking of IgE-bound FcεRI via multivalent antigen initiates Src family
kinase mediated phosphorylation of immunoreceptor tyrosine-based activation
motifs (ITAMs), recruitment of the kinase Syk, and propagation of signaling
through the scaffolding protein Linker for Activation of T-cells (LAT). While
the sequence of these signaling events has been well studied using biochemical
techniques, the biophysical mechanisms that regulate FcεRI signaling are unclear
because protein activation and dynamicprotein-protein interactions are difficult to
quantify on living cells. Using two-color singlemolecule imaging in live cells, we
quantify how FcεRI aggregation influences SYK recruitment and LAT mobility.
We imaged the basal surface of RBL-2H3 cells expressing GFP-Syk using
TIRF microscopy and upon crosslinking of FcεRI observed an increase in
the membrane localization of GFP-Syk. The formation of GFP-Syk clusters
directly co-localized with crosslinked FcεRI and the intensity of these clusters
increased linearly with FcεRI aggregate size. Interestingly, while ensemble
measurements showed that FcεRI and GFP-Syk were co-localized over
minutes, single molecule imaging revealed that GFP-Syk clusters are in fact
maintained through a continuous exchange of transiently bound GFP-Syk.
We quantify the residency time of individual GFP-Syk molecules at FcεRI
aggregates and explore the relationship between FcεRI aggregate size and
Syk residency time. The observed transient GFP-Syk binding supports the
hypothesis that phosphorylated SYK moves from FcεRI clusters to bind and
activate LAT. To explore this mechanism further, we quantify the influence
of FcεRI crosslinking on the spatiotemporal distribution of LAT. We have
generated a Fluorogen Activating Protein (FAP) -tagged LAT construct and
take advantage of the far-red emission of the FAP probe to simultaneously track
FAP-LAT mobility with respect to FcεRI/SYK patches.
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Mesenchymal stem cells (MSCs) have the potential to differentiate into different
cell types and are precursors of osteoblasts. Micro-environments composed of
chemical and physical cues both can regulate MSCs commitments but the later
ones are less investigated. Previous studies have indicated that shear flow, a
potent and physiologically relevant mechanical force, affects MSCs differentia-
tion. Here we demonstrated that shear flow regulated osteogenic differentiation
and induced calcium signaling of MSCs. For the study, MSCs were cultured in
homemade parallel-plate chambers with 0.08mm thickness until desired conflu-
ency was reached. Gene expressions of transcription factor Osterix and homeo-
protein Dlx5 were upregulated after MSCs exposed under 12 dyne/cm2
intermittent shear stress for three hours, but the expression of Runt-related tran-
scription factor 2 (Runx2) was not changed significantly. On the contrary,
continuous shear flowupregulatedRunx2without affectingOsterix gene expres-
sion. Moreover, ten minutes after the intermittent shear flow turned off, the
upregulation of Osterix was abolished. Gene knockdown of Transient Receptor
PotentialMelastatin 7 (TRPM7) and 2-Aminoethoxydiphenyl borate blockingof
TRPM7 attenuated the upregulation of Osterix as well. In addition, ratiometric
analysis of real-time calcium imaging demonstrated that laminar fluid flow
immediately caused transient cytosolic free calcium increase in MSCs. In sum-
mary, our study reveals two distinct signaling pathways that are regulated by
different patterns of fluid flow. For the first time, we identify a novel TRPM7-
Dlx5-Osterix axis which is activated by intermittent shear flow and related to
calcium signaling.We are currently investigating the underlyingmechanotrans-
duction pathways and the responsive mechanosensors for intermittent shear
flow. The underlying molecular mechanisms revealed by this study could
provide insight for future drug developments.2639-Pos Board B331
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Mechanical forces from outside the cells such as compression, stretching or
shear stress are well known to participate in various cellular processes.
Elevated pressure (EP) is an extrinsic mechanical force which induces mild
hyperoxia under 2 ATA of pressure when applied to cells or whole tissues.
To evaluate the effect of EP, we tested cell growth in H460 non-small lung
carcinoma cells during 48 hours. Cell growth was inhibited over 25% without
DNA damage and cell death, and colony formation was also suppressed at EP
compared to cells cultured in conventional cell incubator.
To identify target molecules that induces cell growth inhibition, we performed
transcriptional and phospho-proteomic analysis with phospho-MAPK array. By
transcriptome analysis using RNA-sequencing, we identified that 545 genes has
increased and 304 genes has decreased over 2 folds in cells under EP. Many
genes were related with membrane proteins, ECM molecules and cytoskeleton
molecules. Among them we confirmed the gene including IGFBP5, P2RY6 and
IL1R2 by real-time PCR. Among MAPK proteins only Erk phosphorylation
was decreased, but not Akt, JNK and MKK3/6 under the exposure of EP
for 4 hours. Phospho-proteomic analysis with 2D and PMF (Peptide mass
fingerprint) showed increased phosphorylation of 41 proteins including
GNB2L1 (Guanine Nucleotide Binding Protein) and decreased phosphoryla-
tion of 14 proteins including HELLS (helicase, lymphoid-specific) which are
known to regulate cell growth and Erk activation.
Our results suggested that EP inhibits cell growth of H460 cancer cells through
regulation of various molecules related with cell growth including Erk, IGFBP
and GNB2L1.(Medical Research Center for Environmental Toxico-Genomics
and Proteomics Project, No.20090091416).
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The spatial distribution and remodeling dynamics of nanoscale clusters of
outer-leaflet GPI-anchor proteins (GPI-APs), glycolipids and inner-leaflet
Ras proteins are regulated by the activity of the underlying cortical acto-
myosin machinery. Recently, we proposed a theoretical framework based on
active hydrodynamics of short polar filaments interacting with myosin motors
to explain the nanoclustering of the GPI-APs. This framework involves the
coupling of cell-surface molecules to these dynamic filaments of actin at the
inner leaflet, this in turn leads to their transient clustering. We predicted and
experimentally confirmed that transmembrane proteins with cytoplasmic do-
mains capable of directly binding filamentous actin (TM-ABD), would be orga-
nized both at nanoscale (<20 nm) and mesoscale (300-1000 nm) by the same
dynamic actin, akin to the GPI-APs. We expect the two molecules (GPI-AP and
TM-ABD) to have varying affinity (or strength of coupling) towards the
dynamic filaments owing to differences in their coupling mechanism with
the actin, and our theoretical analysis shows that this will have consequences
on their cluster remodeling dynamics and spatial segregation as well as sorting
of these molecules. Here, we explore the differences in the dynamics of nano-
clustering between the two molecules, using a novel multi-point photolysis
tool. Moreover, using Homo-FRET imaging, we show how the clusters of these
two molecules are spatially segregated at both nanoscale and mesoscale to form
distinct domains. Using polarity sensitive membrane probes we study the local
lipid environment of the clustered regions of the two probes. Our results show
how an actin-based mechanism can drive the active phase segregation of
membrane domains in a living context. These studies will eventually contribute
significantly in building up a generalized paradigm for understanding mole-
cular organization and its spatio-temporal regulation on the plasma membrane.
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Lateral mobility within the plasma membrane critically dictates the interaction
capability of G-protein coupled receptors with their downstream effectors and
allows fine-tuning of cellular functions. Prostaglandin E2 (PGE2) signaling via
522a Tuesday, February 18, 2014the coexpressedGPCRsEP2 or EP4 results in clearly distinguishable effects even
though both receptors activate the Gs-cAMP signaling pathway. Themechanism
regulating these distinct signaling outcomes remains unclear. Here we show that
EP4, in contrast to EP2, dynamically localize in elongated areas of the plasma
membrane that are dictated by the underlying cortical microtubule network.
For EP4, this results in efficient but transient cAMP production throughout a
range of PGE2 concentrations. In contrast, EP2 induces marginal but continuous
cAMP levels.We propose amodel where, differently from actin corrals and tran-
sient confienemtn zones, cortical microtubules form scaffolds for signaling hubs
visited by receptor diffusing within the plasmamembrane. This leads to efficient
regulation of this GPCR signaling function, which is important to regulate cyto-
skeleton remodeling and migration in leukocytes and cancer cells.
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Sensing of extracellular matrix (ECM) physical properties is critical for several
processes such as cell differentiation, cell migration in the developmental (hap-
totaxis) and disease (cancermetastasis). Clustering ofmatrix-activated integrins
is an important step in the formation ofmatrix adhesions and clustering can occur
by lateral association of activated integrin receptors. Using supported bilayers
with fluid, lipid-linked RGD ligands, large clusters of activated integrins formed
in bound mouse embryo fibroblasts (Yu et al., 2011. PNAS 108:20585). After
cells spread on RGD bilayers for 15 minutes, integrin clusters were formed
even in the presence of inhibitors of cytoskeletal assembly. We have quantified
the cluster size, geometry and receptor distribution at a nanometer level using
photoactivated light microscopy. When the temperature was decreased to
250C, the cluster formation was greatly diminished, indicating that the integrin
cluster formation may be an entropically driven process. To identify the players
crucial for this process, we observed that when Talin1 knockout cells spread, the
cluster size and the position of the clusters around the cell was altered. This was
rescued by a full length Talin construct, indicating that Talin is required for the
early cluster formation. This was also rescued by Talin head domain and not by
Talin rod domain, indicating that most likely in the absence of external force, the
integrin activation by Talin head was required for cluster to form. This study
shows that the integrin cluster formation proceeds in the absence of external trac-
tion force in aTalin1 dependentmanner. Thus,we suggest that talin head binding
is an important factor in integrin clustering.
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We present a simple model of a membrane bound protein allosterically regu-
lated by the local lipid composition. We are motivated by the experimental
finding that the plasma membranes of mammalian cells are tuned close to a
liquid-liquid critical point, where the sensitivity of many properties to pertur-
bations is large. We consider a protein whose boundary conditions with the sur-
rounding membrane are dependent on its functional state (i.e. conducting vs.
non-conducting for an ion channel). For such a protein we show that small
changes in the chemical potential of lipids can lead to dramatic functional
changes near a critical point. This type of regulation becomes more potent as
the protein becomes larger, and as the membrane gets closer to a critical point.
Such a protein would also have its nanometer-scale localization correlated with
its functional state. A cell could regulate such a protein by adjusting the compo-
sition either by changing the ratio of ordered to disordered lipids (experimen-
tally probed by cholesterol depletion and loading) or by raising or lowering the
critical temperature. Here we focus on perturbations that act to lower the crit-
ical temperature, like the liquid general anesthetics that have been shown to
lower critical temperatures by ~4K at clinically relevant concentrations. We
show that this change is sufficient to lead to changes in channel conductivity
in line with what has been shown for a wide class of channels even without
specific interactions between perturbing molecules and the channel itself.
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Chemotaxis, the directed migration of cells in chemical gradients, is a vital
function in many biological processes, for example, morphogenesis and syn-apse formation. In chemotaxis of many eukaryotic cells, the localization of
some key signaling mediators on the cell membrane regulates cell movements.
Chemotaxis of Dictyostelium cells is mediated by some parallel signaling path-
ways like phosphoinositide-3-kinase (PI3K) pathway, soluble guanylate cycla-
se(sGC) pathway and so on. Previous work demonstrated that the response to
chemoattractant, cyclic adenosine monophosphate (cAMP), of PI3K pathway
has some characteristics of an excitable system. The theoretical model shows
that this excitable pathway can regulate cell unidirectional movements in
respond to a chemical gradient efficiently. However, what kind of property
sGC pathway has remains to be clarified and it also remains unknown about
the interaction between the sGC pathway and the PI3K pathway.
Here, we studied that the sGC pathway also is an excitable system by analyzing
the spatiotemporal dynamics of sGC. We found that focal sGC-enriched
domains were spontaneously generated in a no external stimulus condition.
The sGC-enriched domain generated spontaneously had same property with
the domains induced by cAMP stimulation. These features are characteristics
of an excitable system like the PI3K pathway. We will report that the dynamics
of the PI3K pathway is influenced by modulation of the sGC pathway.
The chemotactic signal transduction consists of multiple excitable pathways.
This structure of signaling system may increase efficiency of respond to the
steep gradient of cAMP.
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The voltage sensitive phosphatase Ci-VSP is generally considered to be a
PI(4,5)P2/PI(3,4,5)P3-5-phosphatase in-vivo, while 3-phosphatase activity
could be demonstrated in-vitro using the isolated catalytic domain of
Ci-VSP. However, a recent study demonstrates PI(3,4)P2-3-phosphatase activ-
ity of Ci-VSP expressed in Xenopus laevis oocytes (Kurokawa et al, 2012,
PNAS). This is in contrast to our previous findings obtained in Chinese hamster
ovary (CHO) cells (Halaszovich et al., 2009, JBC).
We set out to do a careful re-evaluation of Ci-VSP’s specificity in oocytes as
well as CHO cells. TAPP1-PH-GFP was used as the PI(3,4)P2 sensor. In
some experiments, the resting level of PI-3-phosphates was increased using
either co-expression of a constitutively active PI-3-kinase or stimulation of
endogenous IGF-receptors with insulin. Membrane binding of TAPP1-PH-
GFP as a measure of [PI(3,4)P2] was quantified using fluorescence microscopy
(confocal LSM for oocytes, TIRF microscopy for CHO cells). The membrane
voltage of oocytes was controlled using the two-electrode voltage-clamp tech-
nique, for CHO cells the patch-clamp technique was used.
We failed to demonstrate 3-phosphatase activity against PI(3,4)P2 in oocytes
but always detected production of this phosphoinositide species, which presum-
ably reflects PI(3,4,5)P3-5-phosphatase activity of heterologously expressed
Ci-VSP as well as endogenous VSPs. However, in Ci-VSP expressing CHO
cells we could detect a reduced increase, but not a decrease in TAPP1-
PH-GFP binding to the cell membrane at high voltages. This reduction
probably reflects PI(3,4)P2-3-phosphatase activity and not reduced PI(3,4,5)
P3-5-phosphatase activity.
In conclusion, our findings show an overall production of PI(3,4)P2 over the
whole voltage range studied. Therefore we presume that under physiological
conditions the PI(3,4,5)P3-5-phosphatase activity of Ci-VSP outweighs its
PI(3,4)P2-3-phosphatase activity.
Supported by University Medical Center Giessen and Marburg (UKGM 32/
2011 MR) to C.R.H. and Deutsche Forschungsgemeinschaft (SFB593 TP
A12) to D.O.
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3’-phosphoinositide dependent kinase-1 (PDK1) plays a central role in the
transduction of signals downstream phosphoinositide 3-kinase (PI3K), a
pathway often found deregulated in tumours. PDK1 regulation is known to
respond to phosphatidylinositol(3, 4, 5)trisphosphate (PtdIns(3,4,5)P3) levels
and it has been recently shown that its PH domain specifically binds to
